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Abstract
Background: Squamous odontogenic tumor (Sot) is a
rare benign odontogenic epithelial neoplasm. a slow-
growing painless expansive swelling is the common
presenting symptom. Histopathologically, Sot can be
easily misdiagnosed as an acanthomatous ameloblas-
toma. although notch receptors and ligands have
been shown to play a role in cell fate decisions in
ameloblastomas, the role of  these cell signaling mole-
cules in Sot is unknown.
Case report: this paper describes a case of  Sot af-
fecting the anterior mandible of  a 10-year-old Indian
female. the patient was treated by local surgical exci-
sion and there has been no follow-up clinical record of
recurrence 5 years after primary treatment. Histo -
pathological examination revealed a solid, locally-infil-
trative neoplasm composed of  bland-looking squama-
toid islands scattered in a mature fibrous connective
tissue stroma and the diagnosis was Sot. Immunohis-
tochemical evaluation showed positive reactivity of
varying intensity in the neoplastic epithelial cells for
notch1, notch3, notch4, and their ligands Jagged1
and delta1. Expression patterns showed considerable
overlap. no immunoreactivity was detected for
notch2 and Jagged2. 
Conclusions: Present findings suggest that notch re-
ceptors and their ligands play differential roles in the
cytodifferentiation of  Sot.
Key words: solitary odontogenic tumor, notch signal-
ing, immunohistochemistry, cytodifferentiation
IntRoductIon
Squamous odontogenic tumor (Sot) is a rare tumor
with less than 50 cases reported [1]. It was first de-
scribed as a distinct entity by Pullon et al. in 1975 [2].
the aetiopathogenesis of  this benign locally-invasive
odontogenic epithelial neoplasm is unclear. clinico-
pathologically, three main types are identified: in-
traosseous [1], mural (mural Sot-like proliferations in
cyst) [3] and extraosseous forms [4]. Sot affects a
wide age range, shows a slight male preponderance and
occurs more frequently in the mandible [1]. aggressive
[5] and multifocal [6] variants have been reported.
Histopathologically it is composed of  islands of  well-
differentiated non-keratinizing squamous epithelium
surrounded by a mature fibrous connective tissue [1].
there is no cellular atypia. In the epithelial islands, cys-
tic degeneration as well as calcification may occur. In-
vasion into cancellous bone may be present [7]. 
Mammalian notch is a four-member family of recep -
tors (notch1-4) that mediates short-range events [8, 9].
the notch receptor is a single transmembrane protein
containing distinct structural extracellular and intra -
cellular domains. the structure of  the four notch re-
ceptors is highly homologous with only some differences
in these domains. notch signaling pathway is activated
when cell surface-anchored ligands (Jagged1, Jagged2,
delta1, delta3 and delta4) from neighboring cells bind
the receptors and trigger the proteolytic cleavage of
notch receptors. the activation of  notch signaling
pathway leads to different outcomes ranging from con-
trol of  proliferation to apoptosis, differentiation, main-
tenance of  stemness and cell fate decision [9]. deregu-
lation of  notch signaling has been implicated in some
genetic diseases and tumorigenesis [10]. notch signal-
ing in a variety of  tumors can be either oncogenic or
tumor suppressive, depending on the specific cellular
context, also in odontogenic neoplasms [11-13].
the potential role for notch signaling pathway in
the development and cytodifferentiation of  odonto-
genic neoplasms has gained attention only recently.  In
others [14] and our studies [15-17], notch expression
was observed in plexiform and follicular ameloblas-
toma [4, 15], ameloblastic carcinoma [16] and
ameloblastic fibroma [17] but not in the odontogenic
myxoma [17]. a search of  the English language litera-
ture disclosed that notch signaling activity in Sot is
not known. In this report, the expression patterns of
notch1-4 and their ligands, Jagged1, Jagged2 and
delta1 in a case of  Sot are presented and the signifi-
cance of  these findings speculated.
caSE REPoRt
clInIcal SuMMaRy
a 10-year-old Indian female patient was seen for a
complaint of  a slowly-enlarging, non-tender swelling of
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unknown duration in her anterior mandible. no further
clinical or radiographic information was available as to
the presentation of  this lesion in the jaw. a pre-opera-
tive diagnosis of  ossifying fibroma was made. the le-
sion was surgically excised under general anesthesia,
and submitted for histopathological examination. no
follow-up information was available as to the outcome
of  the patient five years after primary treatment. 
HIStoPatHology
Microscopic examination of  the lesional area disclosed
a solid, locally-infiltrative, benign odontogenic epithe-
lial neoplasm. It was composed of  bland-looking is-
lands of  well-differentiated squamous epithelium set
against a mature fibrous connective tissue stroma (fig.
1). these tumor islands did not show any evidence of
peripheral columnar cells, reversal nuclear polarity or
central stellate reticulum-like cells. cellular atypia was
absent. there was central keratinization and cystic de-
generation. foci of  dystrophic calcifications and occa-
sional clear cell clusters were noted. these histopatho-
logical findings led us to daiagnose the lesion to be
Sot.
IMMunoHIStocHEMIStRy
the immunohistochemical detection of  notch recep-
tors and ligands was performed using the Envision
technique as previously described [14]. Primary anti-
bodies used are detailed in table 1. Stromal endotheli-
um and fibroblasts served as internal positive controls
while negative controls were performed by substitut-
ing the primary antibody with phosphate-buffered
saline. 
Sot showed positive expression for notch1,
notch3 and notch4 in the well-differentiated squa-
mous epithelial islands, central keratinization and cys-
tic degeneration (fig. 2). notch2 was not detected. Ex-
pression for Jagged1 was moderate while that for
delta1 was weak within the neoplastic epithelium.
Jagged2 was consistently absent. clear cell nests and
dystrophic calcific foci showed similar expression pat-
terns (fig.3). Stromal endothelium and fibroblasts
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Table 1. details of primary antibodies used in this examina-
tion.
Antibody Manufacturer Product Dilution
notch1 abcam Rabbit polyclonal 1:500
notch2 R&d System goat polyclonal 1:500
notch3 abcam Rabbit polyclonal 1:500
notch4 abcam Rabbit polyclonal 1:500
Jagged1 abcam goat polyclonal 1:500
Jagged2 abcam Rabbit polyclonal 1:500
delta1 R&d System Mouse monoclonal 1:200
Table 2. Expression of notch signaling molecules in odontogenic neoplasms as examined by ISH and IHc. 
Studies Notch1 Notch2 Notch3 Notch4 Jagged1 Jagged2 Delta1
Ameloblastoma (n = 22) [14]
Peripheral cells - + - na -/+ na -/+
central cells +/++ ++ +/++ na + na +/++
Keratinizing cells - - - na - na -
granular cells - - - na - na -
Stromal cells +/++ +/++ +/++ na +/++ na +/++
Ameloblastic carcinoma (n = 1) [16]
Peripheral cells + na na na na na na
central cells +++ na na na na na na
Ameloblastic fibroma (n = 1) [17]
Peripheral cells + na na na na na na
central cells +++ na na na na na na
dental papilla-like cells +++ na na na na na na
Odontogenic myxoma (n = 1) [17]
dental papilla-like cells - na na na na na na
Squamous odontogenic tumor (n = 1)*
Peripheral cells ++ - + +++ +/++ - -/+
central cells ++ - + +++ +/++ - -/+
Keratinizing cells ++ - + +++ +/++ - -/+
cystic degeneration ++ - + +++ +/++ - -/+
clear cells ++ - + +++ +/++ - -/+
dystrophic calcifications ++ - + +++ +/++ - -/+
* Present study; na: not available; (-) :negative; (+) : mild; (++): moderate; (+++) :strong immunopositivity
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were variably positive for notch receptors and ligands.
furthermore, there were some notch1,3,4 positive
cells scattered in the stromal connective tissue.
Staining intensity of  Sot was analyzed according
to the criteria of  published studies [14, 16, 17] (table
2) where expression results of  immunohistochemistry
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Fig. 1. Photomicrograph of Sot showing lesional area composed of bland-looking islands of well-differentiated squamous ep-
ithelium set against a mature fibrous connective tissue stroma. central cystic degeneration is present. (H&E, original magnifica-
tion, x100).
Fig. 2. Immunohistochemical staining for notch receptors: a, notch1 shows moderate expression in a squamous island with
central keratinization; b, notch3 weak expression in squamous tumor islands but moderate to strong in vascular endothelium
and stromal fibroblasts; and c, notch4 overexpression in epithelial keratinizing cysts. (original magnification, a,  x400; b, x200;
c, x100).
Fig. 3. Immunohistochemical staining for notch ligands: a, Jagged1 shows moderate to strong expression in squamous islands
and in a focus of dystrophic calcification; and b, delta1 weak expression in a clear cell cluster. (original magnification, a,  x200;
b, x400).
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(IHc) and in situ hybridization (ISH) in the neoplastic
epithelium were quantified as negative (-) when no
cells were stained, mild (+) when less than 25% cells
stained positive, moderate (++) for 25 -50% positive
cells, and strong (+++) for greater than 50% positive.
dIScuSSIon
Sot is classified as a benign, locally-infiltrative odon-
togenic epithelial neoplasm with three possible
sources of  origin depending on its location. In-
traosseous Sot putatively originates from the cell
rests of  Malassez whereas its peripheral counterpart
arises from the dental lamina remnants (glands of  Ser-
res) or the gingival surface epithelium [18]. Sot must
be distinguished from other intraosseous neoplasms
notably ameloblastoma and primary intraosseous
squamous cell carcinoma. Histopathologically, tumor
islands in Sot consisted of  well-differentiated squa-
mous epithelium without peripheral palisading unlike
those in the classic ameloblastoma which characteristi-
cally exhibits a peripheral layer of  pre-ameloblasts and
central stellate reticulum-like cells [3, 18]. Primary in-
traosseous squamous cell carcinoma can be ruled out
on grounds of  absence of  cytological features of  ma-
lignancy in the tumor islands of  Sot [3, 7]. In the
present case all these aspects were considered before
arriving at a diagnosis of  Sot.
the notch family of  receptors has been character-
ized as critical determinants of  cell fate in a variety of
organisms [8-10]. notch receptors participate in cell
fate decisions by the process of  lateral inhibition or in-
ductive signaling. In the developing tooth, notch recep-
tors and ligands have been found to be expressed in
dental epithelium and/or ectomesenchyme, suggesting
that notch signaling may regulate odontogenesis [19].
It is known that the morphological characteristics and
inductive relationship between various parts of  the de-
veloping tooth germ are reproduced to a greater or
lesser extent in many of  the tumors and tumor-like le-
sions of  the odontogenic apparatus [1]. In the light of
this, the potential role of  the notch signaling pathway
in the proliferation and cellular differentiation of  some
of  these odontogenic neoplasms was examined.
notch1, 2 and 3, Jagged1 and delta1 were detected in
the central and peripheral cells of  the follicular and
plexiform ameloblastoma but were absent in areas ex-
hibiting keratinization and granular cell differentiation,
and in stromal cells (table 2) [14]. these findings led
the authors to suggest that notch signaling does not
play an oncogenic role in the tumorigenesis of  odonto-
genic epithelium but might contribute to the control of
neoplastic cell differentiation and suppress neoplastic
cell proliferation in odontogenic epithelium [14]. In the
ameloblastic carcinoma, notch1 was expressed by most
neoplastic epithelial cells including small numbers of
mitoses, and these observations led to the suggestion
that notch1 plays some roles in the cytological differ-
entiation or acquisition of  tissue specific characteristics
and may contribute to cell cycle arrest in these neoplas-
tic cells [11, 16]. In the case of  ameloblastic fibroma,
notch1  activity was detected in the peripheral and cen-
tral cells of  tumor nests and strands as well as in the
dental papilla-like stromal cells, and these findings sug-
gest that notch signaling might be involved in the spe-
cific cell differentiation of  the epithelial nests of  this
neoplasm [17]. during odontogenesis, notch1 tran-
scriptions were seen in the dental mesenchyme after the
cap stage [19]. for the odontogenic myxoma, notch
signaling activity was absent and this was attributed to
the fact that the mesenchymal tissue in this neoplasm is
in a less advanced stage of  differentiation than the den-
tal papilla-like tissue in the ameloblastic fibroma [17]. 
In the current study, notch1, 3 and 4, Jagged1 and
delta1 were expressed by the peripheral and central
cells of  the tumor islands in the Sot as well as in ar-
eas of  keratinization, cystic degeneration, clear cell dif-
ferentiation and dystrophic calcification foci. notch2
and Jagged2 were consistently absent. these prelimi-
nary findings suggest that notch signaling may be in-
volved in the cellular differentiation of  Sot. It is fur-
ther observed that ameloblastoma and Sot are both
benign neoplasms of  odontogenic epithelium without
odontogenic ectomesenchymal participation but their
notch expression patterns differ. We believed that
these differences may be due to their different stages
of  cellular differentiation. In the ameloblastoma tu-
mor epithelium, the peripheral cells resembled the pre-
ameloblasts while the central cells resembled the stel-
late reticulum of  the developing tooth germ after cap
stage [14]. In the Sot, the tumor epithelium has a
squamous characteristic. these differences in notch
expression patterns may be related to the different
functional activities of  these cell signaling molecules
during the cellular differentiation of  the ameloblas-
toma and Sot. 
In summary, a case of  Sot is reported here and its
notch immunoexpression profile defined. as a wide
range of  neoplasms including odontogenic neoplasms
occurs in the oral and craniofacial regions research on
cell differentiation phenomenon and cell signaling fac-
tors is currently ongoing [11-17, 20-25]. Studies on
larger series of   Sot are also recommended to help
refine the role of  these signaling molecules in the de-
velopment of  this neoplasm.
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